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DESCRIPTION 

RESONANCE GENERATION DEVICE OF ELECTRONIC MUSICAL 
INSTRUMENT , RESONANCE GENERATION METHOD OF ELECTRONIC 
MUSICAL INSTRUMENT, COMPUTER PROGRAM , AND COMPUTER 
READABLE RECORDING MEDIUM 



Technical Field 

The present invention relates to a resonance 
generation device of an electronic musical instrument, 
a resonance generation method of the electronic 
musical instrument, a computer program, and a 
recording medium, in particular, to the electronic 
musical instrument suitable for use to generate a 
musical sound closer to a natural musical instrument 
in an electronic musical instrument modeling on an 
acoustic piano. 



Background Art 

When a sound closer to a natural musical 
instrument is to be generated in an electronic 
musical instrument, it is necessary to collect and 
faithfully reproduce an original sound. For example, 
in an acoustic piano and so on such as a grand piano, 
it is known that a keyboard is played and a hammer 
hits a string, and then, a string in harmonic 
relation with the hit string and a soundboard 
resonate to thereby generate a resonance. An actual 
acoustic piano generates a rich musical sound by 
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generating various resonances as stated above in 
addition to the original sound. 

Consequently, for example, a technique stated 
below is proposed in Patent Document 1, to obtain 
such resonance effect in the electronic musical 
ins t rument . 

Namely, in the above-stated Patent Document 1, a 
technique in which a resonance generated by a 
keystroke sound is additionally sound generated when 
a key in a specific relation with a depressed key is 
stroked, to thereby generate a performance sound 
close to the performance sound of the acoustic piano, 
is proposed. 

In the electronic musical instrument described in 
the above-stated Patent Document 1, an idea in which 
a resonance is sound generated in addition to a 
keystroke sound is disclosed, but a way how to sound 
generate the above- stated resonance to be added is 
not thought out. Consequently, there was a problem 
that it is difficult to obtain a sharp contour and 
clear sound quality because there is no scheme when 
the above-stated original sound and the resonance are 
outputted, and therefore, the sounds are mixed 
together, even though the resonance is added to 
generate the performance sound close to the acoustic 
piano . 

Consequently, in case of the electronic musical 
instrument described in the above-stated Patent 
Document 1, there was a limit to reproduce a spread 
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and rich musical sound in which the resonance 
peculiar to the natural musical instrument such as 
the acoustic piano is added. 

Patent Document 1: Japanese Patent Application 
Laid-open No. Hei 6-118956 

Summary of the Invention 

An object of the present invention is to provide 
an electronic musical instrument capable of obtaining 
a spread feeling and a sound quality feeling close to 
a natural musical instrument in a resonance 
generation device of an electronic musical instrument 
creating a resonance from an original sound in 
consideration with the above-stated problems. 

According to the present invention, a resonance 
generation device of an electronic musical instrument, 
having a digital signal processing unit artificially 
creating a resonance, including: a key depression 
state detecting means detecting whether a key which 
is in a specific relation with a played key is 
already depressed or not when a key playing operation 
is performed; a specific relation detecting means 
detecting the relation between the played key and the 
depressed key when the key depression state detecting 
means detects that the key in the specific relation 
with the played key is already depressed; and a 
musical sound generation means sound generating a 
musical sound of the played key when the specific 
relation detecting means detects that the played key 
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and the depressed key are in the specific relation 
which is set in advance, and generating a 
predetermined musical sound based on the relation 
between the played key and the depressed key from a 
position of the depressed key. 

Besides, as another aspect of the present 
invention, the musical sound generation means 
generates a monaural resonance, makes the position of 
the depressed key to be a sound generation source by 
sound generating the generated monaural resonance 
from lef t-and-right speakers with a volume in 
accordance with the key depressed position to make a 
sound generation position panning. 

Besides, as still another aspect of the present 
invention, the musical sound generation means 
controls the volume of the resonance based on the 
relation between the key played position and the key 
depressed position. 

According to the present invention, a resonance 
generation method of an electronic musical instrument 
having a digital signal processing unit artificially 
creating a resonance, including: a key depression 
state detecting process detecting whether a key which 
is in a predetermined relation with a played key is 
already depressed or not when a key playing operation 
is performed; a specific relation detecting process 
detecting the relation between the played key and the 
depressed key when the key depression state detecting 
process detects that the key in the predetermined 
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relation with the played key is already depressed; 
and a musical sound generation process sound 
generating a musical sound of the played key when the 
specific relation detecting process detects that the 
played key and the depressed key are in the specific 
relation set in advance, and generating a 
predetermined musical sound based on the relation 
between the played key and the depressed key so that 
a position of the depressed key is to be a sound 
generation source. 

Besides as another aspect of the present 
invention, the musical sound generation process 
generates a monaural resonance, makes a sound 
generation position panning by sound generating the 
generated monaural resonance from lef t-and-r ight 
speakers with a volume in accordance with the key 
depressed position to make the key depressed position 
to be a sound generation source. 

Besides as still another aspect of the present 
invention, the musical sound generation process 
controls the volume of the resonance based on the 
relation between the key played position and the key 
depressed position. 

According to the present invention, a computer 
program product for executing a resonance generation 
method of an electronic musical instrument having a 
digital signal processing unit artificially creating 
a resonance, including: a key depression state 
detecting process detecting whether a key which is in 
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a predetermined relation with a played key is already 
depressed or not when a key playing operation is 
performed; a specific relation detecting process 
detecting the relation between the played key and the 
depressed key when the key depression state detecting 
process detects that the key in the predetermined 
relation with the played key is already depressed; 
and a musical sound generation process sound 
generating a musical sound of the played key when the 
specific relation detecting process detects that the 
played key and the depressed key are in the specific 
relation set in advance, and generating a 
predetermined musical sound based on the relation 
between the played key and the depressed key so that 
a position of the depressed key is to be a sound 
generation source. 

According to the present invention, a computer 
readable recording medium recording computer programs 
to execute a resonance generation method of an 
electronic musical instrument having a digital signal 
processing unit artificially creating a resonance, 
including: a key depression state detecting process 
detecting whether a key which is in a predetermined 
relation with a played key is already depressed or 
not when a key playing operation is performed; a 
specific relation detecting process detecting the 
relation between the played key and the depressed key 
when the key depression state detecting process 
detects that the key in the predetermined relation 
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with the played key is already depressed; and a 
musical sound generation process sound generating a 
musical sound of the played key when the specific 
relation detecting process detects that the played 
key and the depressed key are in the specific 
relation set in advance, and generating a 
predetermined musical sound based on the relation 
between the played key and the depressed key so that 
a position of the depressed key is to be a sound 
generation source. 

Brief Description of the Drawings 

Fig. 1 shows an embodiment of the present 
invention, and is a block diagram explaining a 
configuration of a substantial part of an electronic 
piano; 

Fig. 2 is a view showing an appearance of the 

electronic piano according to the embodiment; 

Fig. 3 is a flow chart explaining an outline of a 

process performed at a time of a key-on event; 

Fig. 4 is a flow chart explaining an outline of a 

st-reso process performed when a key is depressed at 

a key played timer- 
Fig. 5 is a view showing a specific relational 

example between a played key and a depressed key. 

Detailed Description of the Preferred Embodiments 

Next, embodiments of a resonance generation 
device of an electronic musical instrument, a 
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resonance generation method of the electronic musical 
instrument, a computer program, and a recording 
medium according to the present invention is 
described with reference to the attached drawings. 

Fig. 1 is a block diagram showing an example of 
the embodiment of the electronic piano applying the 
present invention. 

As a configuration of the electronic piano shown 
in Fig. 1, a CPU (Central Processing Unit) 101, a ROM 
(Read Only Memory) 102, a RAM (Random Access Memory) 
103, an operation panel portion 104 connected via a 
panel scanning circuit 104a, a keyboard portion 105 
connected via a keyboard scanning circuit 105a, and a 
sound source circuit 106 are respectively connected 
to a system bus 100, and it is constituted so that 
transfers of various orders or data to these devices 
are performed via the system bus 100. 

Besides, in the sound source circuit 106, a DSP 
(Digital Signal Processor (not shown)) processing a 
musical sound signal outputted from the sound source 
circuit 106, D/A conversion circuits 121a and 121b 
converting the musical sound signal processed there 
into an analog signal, and main amplifiers 122a and 
122b amplifying them are provided. 

In addition, a speaker 123a sound generating an 
original sound series signal LI outputted from the 
main amplifier 122a toward outside, and a speaker 
123b sound generating an original sound series signal 
Rl outputted from the main amplifier 122b toward 
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outside are provided. 

Besides, in the present embodiment, a resonance 
generation circuit 10 is provided, the original sound 
series signal LI of one side among the original sound 
series signals outputted from the sound source 
circuit 106 is supplied to the resonance generation 
circuit 10, and as stated below, a resonance is sound 
generated when a key which is in a specific relation 
is depressed at the time a key playing is performed, 
and thereby, a musical sound capable of obtaining a 
spread feeling and a sound quality feeling close to a 
natural musical instrument can be generated. 

The CPU 101 is to control respective portions of 
the electronic piano in accordance with control 
programs stored in a program memory storage unit of 
the ROM 102. Besides, the CPU 101 executes 
application programs stored in the program memory 
storage unit, uses the RAM 103 as a work area if 
necessary, and further performs data processes while 
using various fixed data stored in the ROM 102. 

The ROM 102 stores various fixed data used by the 
CPU 101 in addition to the programs controlling all 
over the electronic piano as stated above. 

The RAM 103 stores status information of devices, 
and is used as the work area by the CPU 101. 
Incidentally, various registers, flags, and so on to 
control the electronic piano are defined in the RAM 
103, and this RAM 103 is accessed by the CPU 101 via 
the system bus 100. 
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At the operation panel portion 104, various 
switches such as a power switch, a tone selection 
switch, and a display unit displaying predetermined 
information are provided. The panel scanning circuit 
104a interposing between the operation panel portion 
104 and the system bus 100 checks set/reset states of 
the respective switches (not shown) provided at the 
operation panel portion 104, and detects panel switch 
data in ON states to transmit to the CPU 101. 

The keyboard portion 105 is composed of plural 
keyboards and a keyboard switch opens/closes in 
working with key depressions and key releases of 
these keyboards. The keyboard scanning circuit 105a 
interposing between the keyboard portion 105 and the 
system bus 100 checks a state of the keyboard switch, 
generates a touch data showing an intensity (speed) 
of a keyboard touch from a signal showing an ON / OFF 
state thereof, and outputs ON/OFF information and a 
keyboard number thereof. The ON/OFF information, the 
keyboard number, and the touch data are transmitted 
to the CPU 101 via the system bus 100. 

The sound source circuit 106 reads an original 
sound waveform data corresponding to a signal 
outputted from the CPU 101, from a waveform memory 
107, multiplies an envelop to the musical sound 
waveform data, and outputs as 1 e f t - and- r i gh t musical 
sound signals . 

The resonance generation circuit 10 is housed in 
the above-stated DSP, and an output of the resonance 
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generation circuit 10 is processed at a different 
system without added to a signal of an original sound 
component, in the present embodiment. Besides, the 
resonance generated at the resonance generation 
circuit 10 is processed in two series. 

Namely, the D/A conversion circuits 121c and 121d 
converting a digital resonance signal outputted from 
the resonance generation circuit 10 into an analog 
signal, and the main amplifiers 122c and 122d 
amplifying them are provided. Besides, the speaker 
123c sound generating a left side resonance signal L2 
outputted from the main amplifier 122c toward outside 
is provided, and the speaker 123d sound generating a 
right side resonance signal R2 outputted from the 
main amplifier 122d toward outside is provided. 

An appearance of the electronic piano according 
to the present embodiment is shown in Fig. 2. As 
shown in Fig. 2, the electronic piano according to 
the present embodiment is constituted as the 
electronic piano having an appearance of a grand 
piano. As a merit of the electronic piano in this 
type, a large flexibility in speaker dispositions 
owing to a space in a depth direction, in addition to 
a luxury of appearance can be cited, and therefore, a 
number of speakers can be disposed upward, and a 
vigorous sound can be reproduced. 

Incidentally, in the constitution of the above- 
stated electronic piano, an example is shown in which 
the speakers 123a and 123b reproducing the original 
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sound and the speakers 123c and 123d reproducing the 
resonance are disposed at both sides, 1 e f t -and - r i gh t 
of the electronic piano, to simplify the constitution 
having no direct relation with the present invention. 
However, when the electronic piano is constituted 
actually, it is desirable that the original sound 
series are to be reproduced from bass to treble, and 
therefore, it goes without saying that it may have 
the constitution of a two-way system, a three-way 
system, or full-range speakers which are generally 
known . 

In the resonance generation circuit 10, the 
resonance signal is generated from an inputted 
original sound signal. A publicly known constitution 
can be adopted as a constitution to generate the 
resonance signal. For example, unnecessary bass 
component and treble component may be cut by a band- 
pass filter, and a damping signal is created while 
putting a delay by the filter. The signal is further 
put the delay, and a signal to be a lingering sound 
may be added. 

Further, a volume of the resonance created at the 
resonance generation circuit 10 inside of the DSP is 
set to correspond to a velocity. Namely, it is 
constituted so that the resonance becomes large when 
the keyboard is played strongly, and the resonance 
becomes small when it is played weakly. 

An outline of a creation method of the resonance 
is described hereinabove. In the present embodiment, 
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a key depression state detecting means and a specific 
relation detecting means are constituted by a 
computer system composed of the CPU 101, the ROM 102, 
and the RAM 103, and a predetermined resonance is 
sound generated when a predetermined condition is 
satisfied during a musical performance. Hereinafter, 
operations of the electronic piano according to the 
present embodiment are described with reference to 
flow charts in Fig. 3 and Fig. 4. 

As shown in the flow chart in Fig. 3, after a 
process is started, a presence/absence of an 
occurrence of a key-on event (key playing) is 
detected by the keyboard scanning circuit 105a at a 
first step S31. When the panel scanning circuit 104a 
detects that a key playing operation is performed, it 
goes to a step S32 to detect whether another key is 
depressed or not at the time the key is played, by 
the key depression state detecting means. 

As a result of the detection by the key 
depression state detecting means, it goes to a step 
S33 when another key is not depressed at the time the 
key is played, and a normal sound generation process 
is performed. Besides, as a result of the detection 
of the step S32, when another key is depressed at the 
time the key is played, it goes to a step S34, and a 
strings resonance (hereinafter, referred to as u st- 
reso") process is performed. A detail of the above- 
stated st-reso process will be described later. 

Next, in a step S35, it is detected whether a 
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key-off event is occurred or not. When the key-off 
event is not occurred as a result of this detection, 
it goes back to the step S31 to perform the above- 
stated process repeatedly. Besides, in the step S35, 
when the occurrence of the key-off event is detected, 
it goes to a step S36, and a sound deadening process 
is performed to terminate the process. 

Next, an outline of the st-reso process performed 
at the step S34 is described with reference to the 
flow chart in Fig. 4. 

In this st-reso process, processes as shown in 
the following are performed after the normal sound 
generation process is performed in accordance with 
the key playing. 

At first, in a first step S41, it is detected 
whether a specific key is depressed at the time a key 
playing is performed. This detection is performed 
toward a lower scale from the key which is played. 
For example, a data table as shown in Fig. 5 is held 
in the ROM 102 as for the specific relation between 
the played key and the depressed key. 

As shown in Fig. 5, in the present embodiment, 
the resonance is sound generated when a difference 
between the depressed key and the played key, namely 
(played key - depressed key) is in a specific 
relation. In examples shown in Fig. 5, the resonance 
is sound generated at the played key as for the cases 
when " + 12 * N + 2 (N: 3 and above)", N> + 12 * N + 10 (N: 
2 and above)", "+12 * N + 4 (N: 2 and above)", "+12 * 
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N + 7 (N: 1 and above)", and "+12 * N (N: 1 and 
above)". Concrete examples thereof are as shown in 
Fig . 5 . 

Besides, the resonance is sound generated at a 
"depressed key + 19 keys" when a (played key - 
depressed key) value is "+7", at a "depressed key + 24 
keys" when the value is " + 5", at a "depressed key" 
when the value is "±1", at a "depressed key + 19 
keys" when the value is "-5", at a "depressed key + 12 
keys" when the value is "-7", and at a "depressed 
key" when the value is "-12 * N (N: 1 and above)" and 
"-12 * N - 7 (N: 1 and above)". 

When the key which is in the specific relation as 
shown in Fig. 5 is depressed as a result of a 
judgment in the step S41, it goes to a step S42, and 
the sound generation process of the resonance is 
performed. This sound generation process will be 
described later in detail. 

Next, it goes to a step S43 to judge whether the 
sound generation processes of the resonances are 
performed or not for three keys. As a result of this 
judgment, when the sound generation processes for 
three keys are performed, it quits the st-reso sound 
generation process to return. Besides, when the 
sound generation processes for three keys are not 
performed, it is judged whether the depression state 
is checked or not up to a key positioning at the 
lowest. As a result of this judgment, when it is not 
checked up to the key at the lowest side, it goes 
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back to the step S41 to perform the above-stated 
processes repeatedly. 

Besides, as a result of the judgment in the step 
S44, when the check is performed up to the lowest 
side key, a presence/absence of the key applicable to 
the above-stated specific key is sequentially judged 
from the lowest key among the depressed keys higher 
than the played key. As a result of this judgment, 
when the specific key is depressed, it goes to a step 
S46, and the sound generation process of the 
resonance is performed. 

Next, at a step S47, it is judged whether the 
sound generation processes of the resonance are 
performed or not for three keys. As a result of this 
judgment, when the processes are performed for three 
keys, it quits the process to return. Besides, when 
the processes are not performed for three keys, it 
goes back to the step S45 to perform the above-stated 
processes repeatedly. When a key up to the highest 
side is checked, the st-reso process is terminated to 
return . 

As a resonance for st-reso, a monaural sound is 
used. This is because it is effective to make a 
resonance sound generation position to be the key 
depressed position. Namely, the monaural resonance 
is generated at the resonance generation circuit 10, 
sound generated from the lef t-and-r ight speakers 123c, 
123d with a volume in accordance with the position of 
the depressed key, to thereby make the sound 
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generation position panning. Consequently, when the 
key depressed position is at a center, it is sound 
generated from the lef t-and-r ight speakers 123c, 123d 
with the same volume, and when the key depressed 
position is at a left side, it is sound generated 
with a larger volume from the speaker 123c disposed 
at the left side of the electronic piano than the 
speaker 123d disposed at a right side. On the 
contrary, when the key depressed position is at the 
right side, it is sound generated with the larger 
volume from the speaker 123d disposed at the right 
side than the speaker 123c disposed at the left side. 

It becomes possible to make the position where 
the resonance is sound generated at the key depressed 
position by performing the sound generation as stated 
above, and a spread feeling and a sound quality 
feeling close to a natural musical instrument such as 
an acoustic piano can be obtained. 

Besides, in the present embodiment, the volume of 
the resonance is controlled based on the relation 
between the played key and the depressed key. For 
example, the volume of the resonance for the 
resonance of the highest tone is set as follows: when 
the relation between the played key and the depressed 
key is "within one octave", the volume is to be 
" reduced by two decibels", when the relation is 
"within two octaves", the volume is "reduced by three 
decibels", when the relation is "within three 
octaves", the volume is "reduced by four decibels", 
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and so on. 

In the electronic' piano according to the present 
embodiment, the resonance in monaural sound is 
generated as stated above, the volume to be sound 
generated is made different in accordance with the 
key depressed position, and thereby, the resonance 
close to the natural resonance sound generated from 
the acoustic piano can be sound generated. 

Incidentally, the resonance generation device of 
the electronic musical instrument according to the 
present invention is not limited to the embodiment 
stated above, but it is to be understood that all the 
changes and modifications without departing from the 
range of the following claims of the present 
invention are to be included therein. 

-Other Embodiment s - 

A program code of a software to realize the 
function of the above-stated embodiment is supplied 
to a computer within devices or a system connected to 
the above-stated various devices so as to operate 
various devices to realize the function of the above- 
stated embodiment, and the one embodied by operating 
the various devices according to the program stored 
in the computer (CPU or MPU) of the system or the 
devices is also included in a range of the present 
invention . 

Besides, in this case, the program code of the 
software in itself realizes the function of the 
above-stated embodiment, and therefore, the program 
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code in itself and a means to supply the program code 
to the computer, for example, a recording medium 
storing such program code constitute the present 
invention. As the recording medium recording such 
program code, for example, a flexible disk, a hard 
disk, an optical disk, a magnetic optical disk, a CD- 
ROM, a magnetic tape, a nonvolatile memory card, a 
ROM, and so on can be used. 

Besides, not only a case when the computer 
executes the supplied program code to thereby realize 
the function of the above-stated embodiment, but also 
a case when the program code works together with an 
OS (operating system), other application softwares, 
or the like operating in the computer to realize the 
function of the above-stated embodiment, the program 
code is included in the embodiment of the present 
invention . 

Further, when the supplied program code is stored 
in a. memory included in' a function expansion unit 
connected to a function expansion board of a computer 
or to the computer, and thereafter, a CPU and so on 
included in the function expansion board or the 
function expansion unit performs a part or all of 
actual processes based on instructions of the program 
code to thereby realize the function of the above- 
stated embodiment, it is also included in the present 
invention . 
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Industrial Appl icability 

According to the present invention, it is 
detected whether a key which is in a specific 
relation with a played key is already depressed or 
not when a key playing operation is performed. When 
the key in the specific relation with the played key 
is already depressed, the relation between the played 
key and the depressed key is checked. When the 
played key and the depressed key is in the specific 
relation which is set in advance, a musical sound of 
the played key is sound generated, and a 
predetermined musical sound based on the relation 
between the played key and the depressed key is 
generated so that a position of the depressed key is 
to be a sound generation source. Consequently, it is 
possible to provide an electronic musical instrument 
capable of obtaining a spread feeling and a sound 
quality feeling close to a natural musical instrument. 
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